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SLOTTED SUBSTRATE AND METHOD OF MAKING 

RELATED CASES 
[0001] This patent application is a divisional claiming priority from a 

patent application having serial number 10/283,767 titled "Slotted Substrate and 
Method of Making" filed 10/30/2002, and issued as patent number . 

BACKGROUND 

[0002] Inkjet printers and other printing devices have become ubiquitous in 

society. These printing devices can utilize a slotted substrate to deliver ink in the 
printing process. Such printing devices can provide many desirable 
characteristics at an affordable price. However, the desire for more features at 
ever-lower prices continues to press manufacturers to improve efficiencies. 
[0003] Currently, the slotted substrates can have a propensity to suffer 

malfunctions due to, among other things, ink occlusion within individual slots. 
Such malfunctions can decrease product reliability and customer satisfaction. 
[0004] Accordingly, the present invention arose out of a desire to provide 

slotted substrates having desirable characteristics. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0005] The same components are used throughout the drawings to reference 

like features and components. 

[0006] Fig. 1 shows a front elevational view of an exemplary printer in 

accordance with one embodiment. 

[0007] Fig. 2 shows a perspective view of a print cartridge in accordance 

with one embodiment. 

[0008] Fig. 3 shows a cross-sectional view of a top portion of a print 

cartridge in accordance with one embodiment. ■ 
[0009] Figs. 4-6 each show a cross-sectional view of a portion of an 

exemplary substrate in accordance with one embodiment. 

[00010] Fig. 6a shows a top view of a portion of an exemplary substrate in 
accordance with one embodiment. 

[00011] Figs. 7-10 each show a cross-sectional view of a portion of an 
exemplary substrate in accordance with one embodiment. 

[00012] Fig. 1 1 shows a cross-sectional image of a prior art slotted substrate. 
[00013] Fig. 12 shows a cross-sectional image of an exemplary slotted 
substrate in accordance with one embodiment. 



DETAILED DESCRIPTION 

OVERVIEW 

[00014] The embodiments described below pertain to methods and systems 
for forming slots in a substrate. Several embodiments of this process will be 
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described in the context of forming fluid-handling slots in a substrate that can be 
incorporated into a print head die or other fluid-ejecting device. 
[00015] As commonly used in print head dies, the substrate can comprise a 
semiconductor substrate that can have microelectronics incorporated within, 
deposited over, and/or supported by the substrate on a thin-film surface that can 
be opposite a back surface or backside. The fluid-handling slot(s) can allow fluid, 
commonly ink, to be supplied from an ink supply or reservoir to fluid-ejecting 
elements proximate to ejection chambers within the print head. 
[00016] In some embodiments, this can be accomplished by connecting the 
fluid-handling slot to one or more ink feed passageways, each of which can 
supply an individual ejection chamber. The fluid-ejecting elements commonly 
comprise heating elements, such as firing resistors, that heat fluid causing 
increased pressure in the ejection chamber. A portion of that fluid can be ejected 
through a firing nozzle with the ejected fluid being replaced by fluid from the 
fluid-handling slot. Bubbles can be formed in the ink or fluid as a byproduct of 
the ejection process. If the bubbles accumulate in the fluid-handling slot they can 
occlude ink flow to some or all of the ejection chambers and cause the print head 
to malfunction. 

[00017] In one embodiment, the fluid-handling slots can have a 
configuration that can reduce bubble accumulation and/or promote bubbles to 
migrate out of the slots. The slots can be formed utilizing a hybrid or combination 
process. A hybrid process can use more than one substrate machining method, 
e.g. dry etch, wet etch, laser, saw, sand drill to achieve a slot geometry. 
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EXEMPLARY PRINTING DEVICE 
[00018] Fig. 1 shows an exemplary printing device that can utilize an 
exemplary slotted substrate. In this embodiment, the printing device comprises a 
printer 100. The printer shown here is embodied in the form of an inkjet printer. 
The printer can be, but need not be, representative of an inkjet printer series 
manufactured by the Hewlett Packard Company under the trademark "DeskJet". 
The printer 100 can be capable of printing in black-and-white and/or in black-and- 
white as well as color. The term "printing device" refers to any type of printing 
device and/or image forming device that employs slotted substrate(s) to achieve at 
least a portion of its functionality. Examples of such printing devices can include, 
but are not limited to, printers, facsimile machines, photocopiers, and other fluid- 
ejecting devices. 

EXEMPLARY EMBODIMENTS AND METHODS 
[00019] Fig. 2 shows an exemplary print cartridge 202 that can be utilized in 
an exemplary printing device. The print cartridge is comprised of a print head 
204 and a cartridge body 206 that supports the print head. Other exemplary 
configurations will be recognized by those of skill in the art. 
[00020] Fig. 3 shows a cross-sectional representation of a portion of the 
exemplary print cartridge 202 taken along line a-a in Fig. 2. It shows the cartridge 
body 206 containing fluid 302 for supply to the print head 204. In this 
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embodiment, the print cartridge is configured to supply one color of fluid or ink to 
the print head. In other embodiments, as described above, other exemplary print 
cartridges can supply multiple colors and/or black ink to a single print head. 
Other printers can utilize multiple print cartridges each of which can supply a 
single color or black ink. In this embodiment, a number of different fluid- 
handling slots are provided, with three exemplary slots being shown at 304a, 
304b, and 304c. Other exemplary embodiments can divide the fluid supply so 
that each of the three fluid-handling slots receives a separate fluid supply. Other 
exemplary print heads can utilize less or more slots than the three shown here. 
[00021] The various fluid-handling slots (304a-c) pass through regions of a 
substrate 306. In this exemplary embodiment, silicon can be a suitable substrate. 
In some embodiments, substrate 306 comprises a crystalline substrate such as 
doped or non-doped monocrystalline silicon or doped or non-doped 
polycrystalline silicon. Examples of other suitable substrates include, among 
others, gallium arsenide, gallium phosphide, indium phosphide, glass, silica, 
ceramics, or a semi-conducting material. The substrate can comprise various 
configurations as will be recognized by one of skill in the art. 
[00022] The exemplary embodiments can utilize substrate thicknesses 
ranging from less than 100 microns to more than 2000 microns. One exemplary 
embodiment can utilize a substrate that is approximately 675 microns thick. 
[00023] In some exemplary embodiments, the substrate comprises a base 
layer, such as a silicon substrate, upon which the other layers can be formed. The 
substrate has a first surface 310 and a second surface 312. Various layers formed 
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above the second surface 312 are commonly referred to as "thin film layers". In 
some of these embodiments, one of the thin film layers is the barrier layer 314. In 
one such embodiment, the barrier layer can surround independently controllable 
fluid ejection elements or fluid drop generators. In this embodiment, the fluid 
ejection elements comprise firing resistors 316. This is but one possible 
exemplary configuration of thin film layers, other suitable examples will be 
discussed below. 

[00024] The barrier layer 314 can comprise, among other things, a 
photo-resist polymer substrate. In some embodiments, above the barrier layer is 
an orifice plate 318. In one embodiment, the orifice plate comprises a nickel 
substrate. In another embodiment, the orifice plate is the same material as the 
barrier layer. The orifice plate can have a plurality of nozzles 319 through which 
fluid heated by the various resistors can be ejected for printing on a print media 
(not shown). The various layers can be formed, deposited, or attached upon the 
preceding layers. The configuration given here is but one possible configuration. 
For example, in an alternative embodiment, the orifice plate and barrier layer are 
integral. 

[00025] The exemplary print cartridge 202 shown in Figs. 2 and 3 is upside 
down from the common orientation during usage. When positioned for use, fluid 
(such as ink 302) can flow from the cartridge body 206 into one or more of the 
slots 304a-304c. From the slots, the fluid can travel through a fluid-handling 
passageway 320 that leads to an ejection chamber 322. 
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[00026] An ejection chamber 322 can be comprised of a firing resistor 3 16, a 
nozzle 319, and a given volume of space therein. Other configurations are also 
possible. When an electrical current is passed through the firing resistor in a 
given ejection chamber^ the fluid can be heated to its boiling point so that it 
expands to eject a portion of the fluid from the nozzle 319. The ejected fluid can 
then be replaced by additional fluid from the fluid-handling passageway 320. 
Various embodiments can also utilize other ejection mechanisms. 
[00027] Figs. 4-10 show an exemplary process for forming fluid-handling 
slots in a substrate. The described embodiments can efficiently form a desired 
slot configuration. 

[00028] Fig. 4 shows a cross-sectional view of a portion of an exemplary 
substrate 306a in accordance with one embodiment. The view is oriented 
similarly to the view shown in Fig. 3. The substrate has a first surface 310a, and a 
second surface 312a. In this example, the first and second surfaces are generally 
opposing and can define a thickness t of the substrate therebetween. As shown 
here, the first surface 310a can comprise a backside surface while the second 
surface 312a can comprise a thin film surface that has various thin film layers 
positioned upon it. 

[00029] As shown in Fig. 4, a thin film or thin film layer 410 is formed over 
the second surface 312a. The thin film can comprise among others, a field or 
thermal oxide layer. As shown here, a barrier layer 3 14a is formed over the field 
oxide and at least partially defines firing chambers 322a. Other exemplary 
embodiments can have more layers comprising the thin film(s). Additionally or 
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alternatively, other embodiments can form various layers over the thin film side 
during, or after the completion of, the slotting process. Still further embodiments 
can have some thin film(s) formed over the thin film side before the slotting 
process and can form additional layers during or after the slotting process. 
[00030] Referring to Fig. 5, a first patterned masking layer 504 is formed 
over the backside or first surface 310a, and patterned to expose a first area 510 
that can comprise a desired area. Any suitable material can be used. In this 
example, the first patterned masking layer 504 can comprise a hard mask such as 
a thermal oxide. The first area 510 is generally free of hard mask material, while 
other portions shown generally at 5 12 have hard mask material formed thereover. 
[00031] The hard mask can comprise any suitable material. Exemplary 
materials can have characteristics such that they are resistant to etching 
environments and do not produce polymeric residues during an etching process, 
and that are not removed by solvents used to remove photoresist materials during 
a slotting process. The hard mask can be grown thermal oxide or either grown or 
deposited dielectric material such as CVD (chemical vapor deposition) oxides, 
TEOS (tetraethoxysilane), silicon carbide, silicon nitride, or other suitable 
material. Other suitable masking materials can include, but are not limited to, 
aluminum, copper, aluminum-copper alloys, aluminum-titanium alloys, and gold. 
[00032] The patterning of the hard mask, as shown here, can be 
accomplished in various suitable ways. For example, a photo-lithographic process 
can be utilized where the hard mask can be formed over generally all of the first 
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surface and then hard mask material can be removed from the desired area such as 
the first area 510. Methods of removal can include either dry or wet processing. 
[00033J Another suitable process includes patterning a first material on the 
desired area (such as first area 510) of the surface 310a. The hard mask can then 
be grown, deposited, or otherwise applied over the first surface. The first material 
can then be removed from the desired area leaving it free of hard mask material. 
The desired area can have a width Wj in the range of about 100 to about 1000 
microns and a length (not shown) corresponding to a length of a desired slot. In 
one exemplary embodiment, the desired area can have a width of about 350 
microns. Slot lengths can range from less that about 1,000 microns to more than 
about 80,000 microns. 

[00034] Referring to Fig. 6, a slot portion 610 is formed or received into the 
substrate 306a through the first area 510 (of the first surface as shown in Fig. 5). 
In this example, the slot portion 610 can have a cross-sectional area at the first 
surface 310a that is less than the first area 510. Fig. 6a shows a view looking in 
the direction of arrows 6a in Fig. 6. In this example, the cross-sectional area of 
the slot portion 6 1 0 at the first surface 310a can be contained within the first area 
510, though such need not be the case. 

[00035] The slot portion 610 can be formed by any suitable technique 
including, but not limited to, laser machining, sand drilling, and mechanically 
contacting the substrate material. Mechanically contacting can include, but is not 
limited to, sawing with a diamond abrasive blade. As shown here, the slot portion 
can be formed through less than the entire thickness of the substrate. This allows 
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the use of techniques that might otherwise be inappropriate for forming slots in a 
substrate that already has thin film layers formed thereon. For example, laser 
machining can be used to form the slot portion 610 since, in some embodiments, a 
portion of the thickness of the substrate 306a can be left to protect or buffer the 
thin film layers 410 from potentially damaging affects of the laser beam. 
[00036] Figs. 7-9 show an alternative technique for forming a slot portion in 
the substrate 306a. Referring to Fig. 7, a second patterned masking layer 710 is 
formed over the substrate 306a and patterned to expose at least some or a portion 
712 of a desired area comprising the first area 510. In this example, the second 
patterned masking layer is formed over the first patterned masking layer 504. In 
this example, the second patterned masking layer 710 can comprise any suitable 
etch resistant material, such as a photoresist. The photoresist can be patterned in 
any conventional manner. 

[00037] Referring to Fig. 8, a slot portion 610a is formed in the substrate 
306a through the second patterned masking layer 710. In this example, the slot 
portion 610a can be formed by etching the substrate material. One exemplary 
etching technique comprises dry etching. Dry etching can include alternating acts 
of etching and passivating. 

[00038] In some embodiments, the slot portion 610a can be dry etched into 
the substrate 306a through the second patterned masking layer (photoresist) 710. 
In one such embodiment, the slot portion 610a is etched through the exposed 
portion 712 (shown in Fig. 7) of the substrate's first surface 310a. In this 
embodiment, the second patterned masking layer 710 can define the slot portion 
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boundaries at the first surface 3 10a as the slot portion 610a is etched into the 
substrate 306a. 

[00039] The slot portion 610a can be etched to any suitable depth relative to 
the substrate thickness t. In various exemplary embodiments, this can range from 
less than about 50% to about 100% of the substrate's thickness t. In this example, 
the slot portion is etched through about 90% of the substrate's thickness. In 
another example, the slot portion passes through about 95% of the substrate's 
thickness. 

[00040] Referring to Fig. 9, the second patterned masking layer 710 (shown 
in Figs. 7 and 8) that comprises the photo-resist layer has been removed from the 
first surface 310a after the formation of the slot portion 610a. The photo-resist 
can be removed in any conventional manner known in the art. In this example, a 
portion of the first surface 310a still has the first patterned masking layer 504 
comprising a hard mask formed on it. The exposed first area 510 now has a slot 
portion 610a formed through a sub-portion or sub-set thereof. 
[00041] Referring to Fig. 10, additional substrate material is removed to 
form a slot 304d through the substrate 306a. In the example shown here, wet 
etching can be used to remove the additional substrate material. Wet etching can 
be achieved, in but one suitable process, by immersing the substrate 306a into an 
anisotropic etchant for a period of time sufficient to form the slot 304d. In one 
embodiment, the substrate can be immersed in an etchant such as TMAH 
(TetramethylamoniumHydroxide), among others, for a period of 1 1/2 to 2 hours. 
Etchants may include any anisotropic wet etchant that has selectivity to hard 
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masks and exposed thin film and other layers. As shown here, a single act of wet 
etching is utilized to remove the substrate material. In other embodiments, wet 
etching can comprise multiple acts of wet etching. 

[00042] In this embodiment, the etchant removed substrate material to form 
a slot 304d that has a through region 1002 that is positioned between two shallow 
regions 1004 and 1006. In some embodiments, the slot 304d can have a sidewall 
1008 that at least partially defines the slot. In some of these embodiments, the 
sidewall 1008 can have a first portion 1010 that is generally parallel to the first 
surface 310a and a second portion 1012 that is generally orthogonal to the first 
surface. In this example, the first portion 1010 can comprise a portion of one of 
the shallow regions (1004 and 1006) while the second portion 1012 can comprise 
a portion of the through region 1002. This exemplary configuration can avoid 
trapping bubbles formed in the firing chambers 322a as will be described in more 
detail below. 

[00043] As shown in Fig. 10, the orthogonal and parallel surfaces, such as 
1010 and 1012, can be formed by etching along <1 10> planes of the substrate 
306a. The remaining sidewall portions, such as 1014 and 1016, that form obtuse 
angles relative to the <1 10> planes can be formed by etching along one or more 
<1 1 1> planes. An example of such an obtuse angle is shown relative to sidewall 
portions 1012 and 1014 and is labeled "q". The configuration of the patterned 
hard mask in conjunction with the width of the slot portion and the etching time 
can allow various suitable configurations to be achieved as will be recognized by 
the skilled artisan. 
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[00044] Existing technologies have formed slots by utilizing a combination 
of dry etching and wet etching. The process can form a re-entrant profile in the 
finished slot. Such a profile can cause bubble accumulation in the slot. An 
example of such a re-entrant profile can be seen in Fig. 1 1 which is a microscopy 
image of a hybrid slot 1 102 formed in a substrate 1 104. 

[00045] The slot 1 102 shown in Fig. 1 1, was formed by dry-etching a slot 
portion through a hard mask covered first surface 1 105 and then by wet etching. 
This technique created a majority of the slot shown generally as 1 107 that has a 
generally uniform width w 2 . When positioned for use in a printing device, a 
bubble or bubbles traveling generally away from a second surface 1 108 toward 
the first surface 1110 can encounter a slot region 1111 that has a width w 3 that is 
less than w 2 that can trap the bubble(s) and occlude ink flow to some or all of the 
firing chambers (not shown). 

[00046] Fig. 12 shows a microscopy image of an exemplary slotted substrate 
306e formed in accordance with the embodiments described above. In this 
example some of the features described above are indicated generally. A slot 
304e can include a through region 1002e positioned between shallow regions 
1004e and 1006e. The through region 1002e can have a constant or increasing 
width w 4 starting at a second (thin film) surface 612e and traveling toward a first 
(backside) surface 610e. Such a configuration can allow gas bubbles to travel 
from the thin film side toward the backside and out of the substrate 306e when the 
substrate is positioned for use in a printing device. 
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[00047] Shallow regions, such as those shown in Figs. 10 and 12, can reduce 
the likelihood that a finished print head will malfunction. For example, during the 
manufacturing process it is common to use glue or some other bonding material to 
bond the slotted substrate to the other components. The glue can seep into or 
otherwise clog the slots. Having a shallow region can alleviate this problem by 
allowing glue to accumulate in portions of the shallow region rather than in the 
through region of the slot wherein ink flow can be occluded. Further if the 
shallow regions have any reentrant portion or profile (i.e. at any point have a 
narrower cross-section moving from surface moving from surface 612e to surface 
610e), there is a reduced chance of a bubble(s) blocking ink flow in the through 
region than prior designs. 

[00048] In some of the present embodiments, the wet etching process etches 
or removes substrate material within the slot portion and proximate the slot 
portion on the first area of the first surface. Substrate removal techniques for 
forming the slot portion can be selected with regard to speed and efficiency of 
removal, while wet etching can finish the slot by selectively etching to the thin 
film layers. This can be achieved at least in part by the thin film layers slowing 
down the lateral progression of the etching along the <1 1 1> planes as described 
above. Utilizing wet etching to finish the slot(s) can also increase the strength of 
the resultant slotted substrate by reducing sharp edges, corners and other stress 
concentrating regions. 
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CONCLUSION 

[00049] The described embodiments can efficiently form a slotted substrate. 
The slotted substrate can be formed utilizing two or more techniques for removing 
substrate material. The described process can be utilized to form a desired slot 
configuration. The slot configuration can, among other attributes, reduce failure 
of the slotted substrate to properly deliver fluid when incorporated into a print 
head die and/or other fluid-ejecting devices. 

[00050] Although the invention has been described in language specific to 
structural features and methodological steps, it is to be understood that the 
invention defined in the appended claims is not necessarily limited to the specific 
features or steps described. Rather, the specific features and steps are disclosed as 
preferred forms of implementing the claimed invention. 
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